This work is focused on enhancing the thermal effectiveness of autoclaved aerated concrete (AAC) by the application of phase change material (PCM) as a coating. The dynamics of heat transfer and the cooling load of air conditioning system in the two tested houses with different wall materials (AAC and AAC with PCM coating) were investigated. The work demonstrated that by coating phase change material onto the exterior surface of the building materials a significant increase in the thermal effectiveness of the building materials was achieved and determined by comparing the lower interior surface temperature, heat flux evolution and room temperature. The increase in thermal effectiveness was applied to the AAC. It was demonstrated that the cooling load and power consumption of air conditioning system in buildings using the wall-PCM coating combination can be reduced variously by about 25 %.
INTRODUCTION
 City buildings and offices and residential housing are the largest electricity consumers in modern cities, and building owners and occupiers pay a high price for their power consumption. A decrease in energy dependence of buildings is one of the keys to reducing the amount and cost of energy consumption, and is now required and being demanded in the development of new and sophisticated building designs. New materials and construction systems must therefore contribute to meet power reduction requirements and thereby promote both energy conservation in construction and economic sustainability in energy generation.
One of the approaches to reducing energy consumption in buildings and enhancing the indoor thermal environment is the integration of phase change material (PCM) into a building or building services system, which was first used for thermal storage in buildings in 1980 [1] , to increase thermal storage effectiveness. Then, experiments have been reported that used PCMs in PCM trombe walls [2, 3] , wall boards [4 -6] , shutters or window [7] , ceiling boards [8, 9] and roof [10 -12] . Approximately 2.6 billion tons of cement, is mostly used for making concrete, is annually produced around the world. Concretes were divided into two major types: mineral concrete and polymer concrete [13 -14] . In Thailand, around 28.000.000 m 2 Autoclaved Aerated Concrete (AAC) was used in 2012. Its popularity was due to it being the only type of wall material which exhibits the ability to meet building energy saving requests of about 50 % without adding other affiliated thermal insulation materials [15] . Of further importance, AAC is lightweight and has a highly porous structure (Approximately 80 % of the volume of the hardened material is made up of pores, 50 % being air pores and 30 % being micropores), a lower thermal conductivity, a higher heat resistance, a lower shrinkage, and an easier and faster construction process than traditional concrete [16 -18] .
To enhance sufficiently the thermal properties of AAC, the integration of phase change material (PCM) into AAC wall material was considered to reduce the heat flux from the outer wall to the inner wall, leading to the achievement of energy conservation goals in buildings. In this current work, the thermal effectiveness of the AAC is therefore investigated by the application of PCM as a coating on the exterior surface of AAC. This was compared with the PCM uncoated AAC material. The dynamics of heat transfer and cooling load of air conditioning system in the two experimental houses were also investigated and compared.
EXPERIMENTAL METHODOLOGY

Application of PCM
In AAC preparation, the raw materials of fine sand (Approximately 0.5 kg/m 2 of phase change material (PCM) was applied as a coating on the external surface of the autoclaved aerated concrete with a uniform area of 20 cm wide × 60 cm long as shown in Fig. 1 . AAC with PCM-coated surface was then used to construct a tested house.
House model design
The thermal effectiveness performance of the two small houses was tested. Each house was 13.25 m 3 in volume, and was built as shown in Fig. 2 . These houses were constructed using the AAC and AAC with coated PCM wall materials. Each house has 4 sides, each composed of walls of 5.52 m 2 area and 8 cm thickness with coating cement plaster and no painting of either internal or external surfaces. The roofs of the four houses used CPAC Monier with aluminum foil to reflect heat. The inclination of the roof angle was 30º to the horizontal plane. The 
Air temperature measurements
Both houses also had an operating air conditioner with cooling capacity of 9,487.41 Btu/h. Fig. 3 exhibits these designs. K-type thermocouples with accuracy of ± 0.5 °C were employed to measure temperatures. They were attached to the exterior and interior wall surfaces on 4 sides by the thermocouples in close contact with the wall surface and insulated using aluminum foil tape. Thermal paste was applied to ensure good thermal contact between the thermocouples and the surfaces. Ambient temperature and room temperature of each house were measured by suspending the thermocouple in a shaded area alongside and inside houses as also shown in Fig. 3 . The solar radiation intensity incident on a horizontal plane was measured using a Kipp-and-Zonen solarimeter (accuracy ± 2 %). The wind speed throughout the duration of the investigation was measured using a wind anemometer. All data were recorded at 5 min intervals using a data logger. Data was recorded continuously over 24 h in real ambient condition. Further, the cooling load of air conditioner was tested continuously over 24 h with closed the window and the door in each house. The whole experimental system of cooling load was kept constantly at around 25 °C by the air conditioner. Fig. 4 shows the result from the test houses each with different wall types that measured concurrently. The exterior and interior surface temperature evolution, and room temperature of the two houses with no air conditioning were investigated and compared, and subsequent tests were done with the air conditioning operative.
RESULTS AND DISCUSSION
Tested houses results
Interior surface temperature evolution of house wall
The fluctuations in solar radiation, ambient temperature and interior surface temperature evolution of house wall in each side are shown in Fig. 4 . These tests were done and results observed from 6 am of day to 6 am of the following day, giving a 24 h test cycle. The fluctuating nature of solar radiation in the tropic occurs because of periodical cloud cover which is typical between sunrise (6.00 am) and sunset (7. This is observed that the PCM-coated walls temperature fluctuations of each aspect are lower than for the ordinary AAC walls; the evolutions of the north, south, east and west side interior wall temperatures being similar. The temperature evolution curves between coated and uncoated-PCM walls have a phase difference of approximately 30 min. Therefore, this is presumed that PCM coating on the exterior surface of AAC material increases the inertia to the ordinary AAC wall. Concerning the north aspect wall temperature curve, the PCM coated AAC material causes a reduction of the temperature amplitude of about 1.0 °C. For the south and west wall temperature curve, this decline of the amplitude is about 1.5 o C. For the east wall temperature curve, the decrease of the amplitude is about 2.0 o C. 
Comparison of flux evolution
Heat fluxes on both the interior and exterior surfaces of the walls of the two houses were investigated, as illustrated in Fig. 5 . Heat flux on the wall surface is positive when the heat wave propagates from the outer surface to the inner surface (That is, when the exterior surface temperature is higher than the interior surface temperature) while heat flux on the wall surface is negative when heat wave propagates from the inside surface to the outside surface (Exterior surface temperature is less than interior surface temperature).
With the heat fluxes of the AAC house wall, positive heat fluxes in all of the north, south, east and west surfaces were first increased and reached its maximum value of 2 , respectively. This demonstrates that the utilization of PCM on the exterior surfaces of a building using Autoclaved Aerated Concrete (AAC) can reduce the heat transfer through the building envelop and lead to an improvement in the insulative efficiency of buildings. Using cooling load and power consumption measurements, this improvement was up to nearly a 30 % reduction in cooling load and power consumption. This is clearly a significant result. 
Comparison of room temperature
Room temperatures in the two houses between 6 am of day and 6 am of the following day are shown in Fig. 6 . The effect of the fluctuating nature of solar radiation, ambient temperature, and exterior and interior surface temperature evolution of the house walls on each side on the room temperature of each house varied over the period of the day. It can be seen that the room temperature of the two houses was approximately equal between the times of 6 am and 11.30 am. After that time, different peak temperatures were reached in each test house at different times. The room temperature of the AAC house rose more rapidly, and achieved the highest peak value of around 37 °C at about 5 pm. The room temperature of the PCM coated house peaked at 35.5 °C at about 5 pm. The PCM utilization enables to maintain the room temperature within the comfort zone by decreasing the maximum room temperature to a maximum value of 1.5 °C. This indicates the use of AAC with PCM coating significantly reduces the daily room temperature fluctuation of partitions. The daily room temperature swing was reduced from 10 °C in AAC house to only 8.5 °C in the PCM-coated house which causes from the thermal absorption of PCM-coated exterior surface wall. This leads to a reduction of heat transfer into the inner section of the PCM-coated house. This result corresponded to previous work [19 -22] .
When the ambient temperature was compared against the room temperatures of the two houses, it was found that room temperature of the AAC house was lower than the ambient temperature between 7 am and 2 pm; that is a 7 h period, while that of the PCM-coated AAC wall house was lower than ambient temperature between around 7 am and 4.30 pm; a 9 h 30 min period. This clearly demonstrated that the room temperature of PCM coated house was lower than the ambient temperature for 2 h 30 min longer than that of the uncoated AAC house, which indicated the greater insulative efficiency of PCM coating.
Comparison of cooling load
The cooling load of the air conditioners in the two houses was measured and compared as shown in Fig. 7 . Both the houses were firstly tested with closed windows and doors for 24 h (from 6 am to 6 am). It was found that the cooling load in the AAC wall house started to increase the quickest, and continued to increase over the 24 h (from 6 am to 6 am). The cooling load on the air conditioner in this house was around 4.5 kWh of electrical consumption. The cooling load in the PCM-coated AAC wall houses had a similar trend to the AAC wall house. At the end of the 24 h period, the cooling loads in the PCMcoated AAC wall houses were around 3.4 kWh of electrical consumption. This is shown that the savings in electrical consumption PCM coated AAC house was lower than another house approximately 25 %. This result agrees with the similar mechanism for thermal efficient assessment of building envelopes, which heat transfer from outside part could be effectively absorbed, and affects to reducing the fluctuation of room temperature and lowering the peak of air conditioning load [19 -22] . This confirms the ability of the phase change material to significantly reduce the cooling load and electrical consumption of air conditioning plants. Hence, autoclaved aerated concrete with PCM coating on the outside surface can be useful in building construction.
CONCLUSIONS
The use of phase change material for thermal storage on outer wall surfaces of buildings can reduce the heat wave propagation from the outer wall to the inner wall and therefore the interior room spaces. The cooling load on air conditioners in buildings with PCM coating on the exterior walls can save the electrical power consumption of approximately 25 %. The effectiveness of PCM coatings on the exterior surface of buildings has been clearly exhibited both in regard to thermal effectiveness, power consumption reduction and the resultant economic benefits. Therefore, it is suitable as an adjunct material to be applied concrete and masonry constructions in the future.
